To determine the effect of D-glucose on the [-cell Na+/K pump, 86Rb+ influx was studied in isolated, -cell-rich islets of Ume-ob/ob mice in the absence or presence of l mM ouabain. D-glucose (20mM) stimulated the ouabain-sensitive portion of 86Rb+ influx by 65%, whereas the ouabain-resistant portion was inhibited by 48%. The Na+/K ATPase activity in homogenates of islets of Ume'-ob/ob mice or normal mice was determined to search for direct effects of D-glucose. Thus, ouabain-sensitive ATP hydrolysis in islet homogenates was measured in the presence of different D-glucose concentrations. No effect of D-glucose (3-20mM) was observed in either ob/ob or normal islets at the optimal Na+/K ratio for the enzyme (135mM Na and 20mMK+). Neither D-glucose (3-20mM) nor L-glucose or 3-O-methyl-D-glucose (20mM) affected the enzyme activity at a high Na//K ratio (175 mM Na and 0.7 mM K+). Diphenylhydantoin (150M) decreased the enzyme activity at optimal Na+/K ratio, whereas 50M of the drug had no effect. The results suggest that D-glucose induces a net stimulation the Na+/K pump of -cells in intact islets and that D-glucose does not exert any direct effect on the Na//K ATPase activity.
INTRODUCTION
Na+/K + ATPase is important for many aspects of normal cell function. Its precise role in the stimulus-secretion coupling in pancreatic flcells has been a matter of discussion. In early studies of labelled Na + and K + (Rb+) transmembrane transport, it was found that fl-cells accumulate 86Rb
+ [1] and exclude 22Na+[1'21 in an ouabain-sensitive manner. A much higher concentration of intracellular Na + was found in pancreatic fl-cells, as compared with that found in neurons and muscle cells, which was suggested as an indirect evidence for a low Na+/K + ATPase activity in the islets. TM D-glucose (20 mM) was shown not to affect the islet efflux of labelled Na + [1] or to increase the fractional outflow rate of Na+. [4] It was shown that diphenylhydantoin (DPH), cAMP, caffeine or Ca 2+ did not affect the Na+/K + ATPase activity in microsomes from mouse pancreatic islets, whereas p-chloromercuribenzene-sulfonic acid inhibited the ATPase activity by 84%. 5 effect on this ATPase activity. [6] Measurements of the 86Rb+ influx indicated that glucose [7] does not inhibit the Na+/K + pump in pancreatic fl- [21] Control experiments showed that the ouabainsensitive ATP hydrolysis was increased by about 4 times by the presence of DOC (data not shown). The increased enzyme activity is a direct result of exposure of latent enzyme sites in the preparation. The exposure to detergent leads to the opening of vesicular structures, resulting in free access of substrate and activators to their respective sites on the membrane. I21 The concentration of DOC in the preparation is so low that it is unlikely that the activation is due to binding of DOC to the membranes as such. [21] Incubation was carried out in a histidine buffer with the following final composition (mM): Na/, 135; K/, 20 suggesting that the present data reflect unidirectional influx of the ion, and that maximum effect of ouabain is reached at I mM. [24] Figure I shows the effects of 20 mM D-glucose on 86Rb+ influx.
The total influx in the absence of ouabain was significantly reduced (21%, P < 0.001; n 12) by D-glucose and the ouabain-resistant influx was reduced by 48% (P < 0.001; n 12), which is in line with the well established capacity of D-glucose to inhibit K + channels. [25, 26] On the other hand, the ouabain-sensitive component of the 86Rb+ influx was significantly stimulated (65%, P < 0.005; n 12) by 20mM D-glucose.
Time-dependence of the Na+/K + ATPase Reaction
The linearity of the relationship between the incubation time and the amount of ATP hydrolysed was studied (Fig. 2) . The reaction was allowed to proceed for 10 to 60min and the amount of ATP hydrolysed was measured as described in the methods section. The data indicate a linear time-dependence in the ATPase reaction.
Concentration-dependent Effect of ATP
In order to investigate the effect of ATP on the enzyme kinetics of Na//K + ATPase from the flcell-rich pancreatic islets of ob/ob mice (Fig. 3) , the effect of ATP concentrations ranging from 0.1 to 5mM were studied in two separate sets of experiments with an overlap at 2.9 mM ATP (n 8 and n 7 respectively). The [221 The rate of ATP consumption during 10min of incubation was 4% and 21% at 2.9 and 0.5 mM ATP respectively, as calculated from the data in Figure 3 .
Effect of D-glucose on the Na+/K + ATPase Activity
As it has been suggested that D-glucose directly affects the Na+/K + ATPase of pancreatic islet cells, [10, 11] the effect of D-glucose was studied in islets of both ob/ob (fl-cell-rich) and normal mice (Tab. I). The ouabain-sensitive ATP hydrolysis was measured in the presence of 0, 3 or 20 mM D-glucose. In islet homogenates from ob/ob mice, no effect of D-glucose was observed (paired or unpaired t-test). In experiments with homogenates from normal mice and a D-glucose concentration of 0, 2.6 or 17 mM, also no effect of glucose on ouabain-sensitive ATP hydrolysis was found (paired or unpaired t-test).
Since the previously indicated direct inhibitory effects [10] Homogenates of ob/ob-mouse islets were prepared and preincubated as described in the materials and methods and then incubated for 10 min at 37C in the presence of different sugars. Data is expressed as mean values and difference from control 4-SEM for the number of experiments indicated in parentheses, n.s. denotes P > 0.05 for difference from control. There were no significant differences between the test groups (P > 0.05 using either paired or unpaired t-test). [27] ). The rate of ouabain-sensitive ATP hydrolysis at the high Na+/K / ratio was only 42% of the activity at the low ratio.
Effect of Diphenylhydantoin (DPH) [28, 29] as well as the cytoplasmic Na + activity. [29] These observations are in line with the present findings. It is well established that glucose causes a rhythmic pattern of depolarizations and repolarizations of the fl-cell membrane (for review [26] ) and a role for an electrogenic Na// K + pump in the repolarization process has been proposed. 9 Our present data thus seem to be in consonance with current ideas on fl-cell membrane potential regulation [9, 26] and suggesting that the electrogenic Na+/K + pump is stimulated in a secondary manner following the glucoseinduced depolarization. However, they do not conform well to the recent data by Owada et al.
I1
, suggesting a pronounced inhibitory effect of glucose on the Na+/K + ATPase in intact fl-cells.
The reasons for this discrepancy are not easy to define. But it cannot be excluded that differences in methodology are involved. Thus, the conclusions based on the two-step method used by Owada et al. [11] seem to require that the islet cells possess a memory function for the Na+/K + ATPase activity from the previous treatment period. In order to be able to measure a glucose effect with the experimental design used, this memory has to last for at least 10-25 minutes. However, as also shown by Owada et al., [11] the proposed inhibitory effect of 15 
